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a is a time of loading a wafer to or unloading the wafer
to the robot in Step i;

1 is a time of the robot moving from one wafer-processing
step to another;

a, is a time of the robot unloading a wafer from the
loadlocks and aligning the same;

M.., denotes a d” state during the close-down process of
the cluster tool; and

M., denotes a final state during the close-down process of
the cluster tool.

2. The method of claim 1, further comprising a step of
determining, by a processor, whether the cluster tool is
schedulable at steady state.

3. The method of claim 1, further comprising a step of
determining, by a processor, the cluster tool to be sched-
ulable at steady state if ¥, <%, and ¢,=?,,, 1 EN,,
where 9 ,,, =max{ 9 ,, 1 €N, } and ¢, =2(n+1)u+2n+1)o+
(e

4. The method of claim 1, wherein the robot waiting time
is determined based on a petri net model.

5. A computer-implemented method for scheduling a
cluster tool for a close-down process, the cluster tool com-
prising a single-arm robot for wafer handling, loadlocks for
wafer cassette loading and unloading, and n process mod-
ules each for performing a wafer-processing step with a
wafer residency time constraint where the ith process mod-
ule,i € {1, 2, ..., n},is used for performing Step i of the
n wafer-processing steps for each wafer, the method com-
prising:

determining, by a processor, a lower workload ¥ ,; of Step

i as follows:
O, =ad043p, i €NM1)

¢
) 1L=a (+304+0g+3 1

determining, by a processor, an upper workload 7 ,,, of
Step 1 as follows:

O =ad0+3u+d, i € N1}

¢
) L= 30403+, ;

determinig, by a processor, that the workloads are unbal-
anced among the Steps if [V ;, T /] N [T 57, ¥, N
...N 9, 9 .]=0,; determining, by a processor, a
robot waiting time o,%, d=i=n, O=d<n as follows:
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1) o=, d=isn-1, 0=d=n-1 where o, is an i robot
waiting time at steady state, and obtained by:

0, ieF
Wi_) =9 Pmax — (a1 + 81 + 3+ o + 3, leE
G — (a5 + & + 4o + 3p), ie EN{2,3,4,... ,n}

2) w,=0,;

el

d d-1

3) &, = Omax —Yea-1) — Z Wi,
Pt

I=d=n-1, where V. y7=2(n-d+2)u+2(n-d+2)a, 2=ds=n;
and

4) w,"=a,.

determining, by a processor, a schedule for the close-
down process based on the robot waiting time deter-
mined;

a, 1 € N, is a time that a wafer is processed in the ith
process module;

9, is the wafer residency time constraint of Step i, given
by a pre-determined longest time for which a wafer in
the ith process module is allowed to stay therein after
this wafer is processed;

a is a time of loading a wafer to or unloading the wafer
to the robot in Step i;

L is a time of the robot moving from one wafer-processing
step to another;

o, is a time of the robot unloading a wafer from the
loadlock and aligning the same;

o, d=i=n, O=d=n-1, is the robot waiting time in places
q; during evolutions from M., to M, ), where M.,
denotes a d” state during the close-down process of the
cluster tool;

Bis{ii€N,, 9,,<0 _}, where ¥ _ =max{9 , i€
N, };

F is N \E.

6. The method of claim 5, further comprising a step of
determining, by a processor, whether the cluster tool is
schedulable at steady state.

7. The method of claim 5, further comprising a step of
determining, by a processor, the cluster tool to be sched-
ulable at steady stateif 9 ,, <9 withiEE=0, 9,20
withi €F, and X, zm,_ ;+; =9 . and a robot waiting time
at steady state is set to make the cluster tool to be sched-
ulable.

8. The method of claim 5, wherein the robot waiting time
is determined based on a linear programming model.
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